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(54) Circuit substrate 

(57) A circuit substrate (1) comprises 
a ceramic laminated structure (10) 
which has a plurality of ceramic 
layers (2-7) including ceramic layers 
(3-6) having cavities (44-49). Chip- 
like electronic components such as a 
laminated ceramic capacitor (26, 27) 
and a resistor (28) are received in the 
cavities. The chip-like electronic 
components are formed with external 
terminal electrodes (29-34) 
respectively. Conductors (15-2G) are 
formed in through holes provided in 
the ceramic layers and interfaces 
between adjacent pairs of the 
ceramic layers, to be connected to 
the external germinal electrodes. The 
external terminal electrodes are 
prepared by'metal which is mainly 
composed of at least one of nickel, 
copper and palladium, and the 
conductors are prepared by metal 
which is mainly composed of copper. 
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SPECIFICATION 

Circuit substrate having ceramic multilayer 
structure containing chip-like electronic 
5 components 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a circuit sub- 
10 strate containing electrical elements such as 
capacitance, resistance and inductance ele- 
ments, and more particularly. It relates to a 
circuit substrate which comprises a ceramic 
multilayer structure containing the aforemen- 
15 tioned eiectricai elements formed by discrete 
chip-lil<e electronic components. More specifi- 
cally, the present invention relates to an im- 
provement in conductive material for achieving 
electrical connection with respect to the chip- 
20 like electronic components. 

Description of the Prior Art 

In order to implement an electronic circuit 
with higher density and/or multiple functions, 

25 it is advantageous to provide a circuit sub- 
strate, on which various electronic compo- 
nents are mounted, with functions for serving 
as electrical elements such as a capacitor, a 
resistor and an inductor, in addition to a func- 

30 tion of merely holding and interconnecting the 
electronic components. For example, a sub- 
strate consisting of a ceramic multilayer struc- 
ture, i.e., a ceramic multilayer substrate is 
suitable for satisfying the aforementioned re- 

35 quirement. 

A report entitled "Multilayer Ceramic Sub- 
strate" by Susumu NIshigaki, Electronic Cera- 
mics, Gakken-sha, Vol. 16 (75), May 1985, 
pp. 61-71 introduces various types of cera- 

40 mic multilayer substrates. This reports roughly 
classifies ceramic multilayer substrates into 
those obtained by "wet method" employing 
raw ceramic sheets, i.e., ceramic green sheets 
and those obtained by "dry method" empioy- 

45 ing fired cerannic plates on the basis of manu- 
facturing methods, and further minutely classi- 
fies the multilayer substrates obtained by the 
"wet method" Into "green sheet multilayer 
substrate" and "printed multilayer substrate". 

50 The "green sheet multilayer substrate" is 
obtained by preparing a plurality of ceramic 
green sheets printed with thick films of dielec- 
tric or insulator paste, resistor paste and/or 
conductor paste at desire, laminating and 

55 pressurizing the green sheets and cofiring the 
same. Such a multilayer substrate can be 
formed with circuit elements such as a capaci- 
tor, a resistor and an inductor. 
The "printed multilayer substrate" is ob- 

60 tained by repeating a process of preparing a 
green sheet printed with a thick film of resis- 
tor paste and/or conductor paste at desire, 
printing dielectric or insulator paste thereon 
and drying the same and again printing dielec- 
65 trie or insulator paste, resistor paste and/or 



conductor paste at desire. 

The "dry method" is characterized in that a 
fired ceramic plate is employed to repeat the 
step of forming a resistor paste film and/or a 

70 conductor paste film thereon by thick film 
printing at desire, drying and firing the same 
and the step of forming an insulation layer by 
a similar method. 
However, the aforementioned conventional 

75 methods or substrates obtained thereby hav- 
ing the following problems to be solved. 

in a ceramic multilayer substrate obtained by 
the "wet method", including the "green sheet 
multilayer substrate" and the "printed multila- 

80 yer substrate", the green sheets, the dielectric 
or insulator paste film, the resistor paste film 
and/or the conductor paste film are contracted 
and deformed, and hence it is difficult to ob- 
tain in design characteristics such as the 

85 electrostatic capacitance value, the resistance 
value and the inductance value of the capaci- 
tor element, the resistor element and the in- 
ductor element, respectively, formed in the 
substrate. Particularly the method of manufac- 

90 turing the "green sheet multilayer substrate" 
includes a pressurizing step in advance to fir- 
ing, and the said deformation may also take 
place in the pressuring step. Further, the "wet 
method" for obtaining the multilayer substrate 

95 includes a step of firing the ceramic green 
sheets simultaneously with the dielectric or in- 
sulator paste film, the resistor paste film an- 
d/or the conductor paste film. Thus, the resis- 
tor paste film and/or the conductor paste film 

100 as employed are also exposed to the high 

temperature and the atmosphere in firing. Con- 
sequently, the ceramic material for forming the 
ceramic green sheets or the dieiectric paste 
film must be selected from those which can 

105 be fired at such a temperature and in such an 
atmosphere that the resistor paste and/or the 
conductor paste are not deteriorated in char- 
acteristic, whereby the range of selection of 
employable ceramic material Is narrowed. In 

110 general, ceramic material which can be fired at 
a relatively low temperature has a small die- 
lectric constant and hence it is difficult to 
form a capacitor element having large electro- 
static capacitance. To the contrary, the resis- 

115 tor paste film must withstand the aforemen- 
tioned firing of the ceramic material, and 
hence it is difficult to widely select specific 
resistance of the resistor forming the resis- 
tance element. 

120 A specific problem of the "printed multilayer 
substrate" is that surface to be printed is gra- 
dually deteriorated in flatness as the printing 
of the dielectric or insulator paste, the resistor 
paste and/or the conductor paste is repeated. 

125 Thus, it is difficult to increase the number of 
layers of the multilayer substrate. Conse- 
quently, it is difficult to render electrodes for 
forming capacitance in a capacitor element 
multi-layered, leading to difficulty in forrhation 

130 of a capacitor element having large capaci- 
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tance in the multilayer substrate. Further, since 
the surface to be printed is gradually deterio- 
rated In flatness, the position and the pattern 
of printing of the resistor paste and/or the 
5 conductor paste may not be obtained in de- 
sign. Also in this point, therefore, it is difficult 
to obtain the resistance value, the electrostatic 
capacitance value and the inductance value in 
design. 

10 On the other hand, the "wet method" In- 
cludes a printing step which is similar to the 
aforementioned method of obtaining the 
"printed multilayer substrate", to confront a 
problem substantially similar to the aforemen- 

15 tioned problem specific to the "printed multila- 
yer substrate". 

SUMMARY OF THE INVENTION 
Accordingly, an object of the present inven- 
20 tion is to provide a ceramic multilayer sub- 
strate which can solve the aforementioned 

problems. 

Provided according to the present invention 
is a circuit substrate which comprises: 
25 a ceramic laminated structure provided with 
a plurality of ceramic layers including a first 
ceramic layer having a cavity, and having first 
and second major surfaces being opposite to 
each other; 

30 a chip-like electronic component received In 
the cavity and having external terminal elec- 
trodes of metal mainly composed of at least 
one of nickel, copper and palladium; and 
electrical connection means, being formed 

35 by metal mainly composed of copper, con- 
nected to the external terminal electrodes and 
provided with a portion extending in the in- 
terior of the ceramic laminated structure. 
Thus, according to the present invention, 

40 the ceramic multilayer structure contains a pre- 
viously prepared discrete chip-like electronic 
component, to give the following advantages: 
The chip-like electronic component itself Is not 
substantially deformed in a firing stage for ob- 

45 taining the ceramic laminated structure and a 
pressurizing stage previous thereto, and hence 
the electrostatic capacitance value, the resis- 
tance value or the inductance value, for 
example, povided by the chip-like electronic 

50 component can be maintained substantially in 
design. Further, the ceramic laminated struc- 
ture has the cavity for receiving the chip-like 
electronic component, and hence the major 
surface of the ceramic laminated structure is 

55 not deteriorated in flatness by containing the 
chip-like electronic component. Thus, the num- 
ber of layers of the laminated structure can be 
increased without any problem. Further, a plu- 
rality of chip-like electronic componenets can 

60 be freely three-dimensionally arranged in the 
laminated structure while maintaining the afor- 
ementioned flatness of the major surface. If 
necessary, the chip-like electronic component 
can be arranged In a state completely em- 

65 bedded in the interior of the ceramic laminated 



structure, whereby the chip-like electronic 
component can be improved In environment 
resistance such as moisture resistance. Fur- 
ther, large electrostatic capacitance can be ob- 
70 tained since a laminated ceramic capacity can 
be employed in order to form a capacitor ele- 
ment by a chip-like electronic component. 

In the present invention, it is further noted 
that the external terminal electrodes of the 
75 chip-like electronic component are made of 
metal which is mainly composed of at least 
one of nickel, copper and palladium and the 
electrical connection means is prepared by 
metal which is mainly composed of copper. 
80 Such materials are selected for the following 
reasons: An external terminal electrode of a 
chip-like electronic component has been gener- 
ally prepared by silver. However, when the 
external terminal electrode made of silver and 
85 electrical connection means, to be connected 
to the external terminal electrode, made of 
copper are subjected to a high temperature, 
eutectic reaction takes place in a contact por- 
tion between silver and copper, to form a eu- 
90 tectic alloy which has an extremely low melt- 
ing point. As the result, the eutectic alloy 
formed in the contact portion between the ex- 
ternal terminal electrode and the electrical con- 
nection means flows out to cause electrically 
95 imperfect contact between the external termi- 
nal electrode and the electrical connection 
means. However, when the external terminal 
electrode and the electrical connection means 
are prepared by substantially identical metal 

100 which is mainly composed of copper, no im- 
perfect contact Is caused by flow of metal In 
the contact portion between the external ter- 
minal electrode and the electrical connection 
means even if the same are subjected to a 

105 high temperature. The said high temperature is 
applied to the external terminal electrode and 
the electrical connection means in a firing 
stage for obtaining the ceramic laminated 
structure. When, on the other hand, the exter- 

110 nal terminal electrode Is prepared by metal 
mainly composed of nickel or palladium in 
place of copper, the melting temperature at 
the contact portion between the external ter- 
minal electrode and the electrical connection 

115 means Is not lowered since nickel or palladium 
and copper form a complete solid solution 
system alloy. Thus, no metal flows out in the 
contact portion between the external terminal 
electrode and the electrical connection means 

120 similarly to the aforementioned case of the 
external terminal electrode made of copper, 
whereby no imperfect contact takes place in 
the contact portion. 
According to the present invention, the 

125 chip-like electronic component can be previ- 
ously manufactured as it is, and hence the 
material therefor and the method of manufac- 
turing the same are in relatively wide allowa- 
ble ranges. In a preferred embodiment of the 

130 present invention, a plurality of ceramic layers 
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included in the ceramic laminated structure are 
formed by ceramic material wiiich can be fired 
at a low temperature in a reducing atmos- 
phere in order to prevent oxidation of copper 
5 which may be contained in both of the exter- 
nal terminal electrodes and the electrical con- 
nection means or copper contained in the 
electrical connection means under a high tem- 
perature. If the chip-like electronic component 

10 is a capacitor, it Is preferable to employ die- 
lectric composed of non-reducing ceramic, 
while a film of a non-reducing resistance com- 
ponent is preferably formed on a ceramic sub- 
strate when the chip-like electronic component 

15 is a resistor. 

Further, if the chip-like electronic component 
is a laminated ceramic capacitor having an in- 
ternal electrode, for example, such an internal 
electrode is preferably formed by metal mainly 

20 composed of at least one of nickel, copper 
and palladium. This is because nickel or palla- 
dium forms a complete solid solution system 
alloy with respect to copper, to cause no low- 
ering in melting point at a contact portion be- 

25 tween the internal electrode and an external 
terminal electrode. Thus, no melting of metal 
is caused in the contact portion between the 
internal electrode or external terminal electrode 
containing nickel or palladium and the external 

30 terminal electrode or internal electrode con- 
taining copper, to cause no imperfect contact 
between the same. Further, when both of the 
external terminal electrode and the internal 
electrode are prepared by nickel, copper or 

35 palladium, no eutectic reaction, which may 
lower the melting point to cause the afore- 
mentioned imperfect contact, will take place 
since the external terminal electrode and the 
inner electrode are formed by substantially 

40 identical metal. If the external terminal elec- 
trode is prepared by palladium and the internal 
electrode is prepared by nickel, and vice 
versa, no lowering in melting point is caused 
in the contact portion similarly to the afore- 

45 mentioned case of combination of copper and 
nickel or palladium. 

These and other objects, features, aspects 
and advantages of the present invention will 
become more apparent from the following de- 

50 tailed description of the present invention 
when taken in conjunction with the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 Figure 1 is an enlarged sectional view illus- 
trating a circuit substrate according to an em- 
bodiment of the present Invention; 

Figure 2 is an equivalent circuit diagram im- 
plemented in the circuit substrate as shown in 
60 Fig. 1; and 

Figure 3 is an exploded sectional view illus- 
trating the assembling state of the circuit sub- 
strate as shown in Fig. 1, 

65 DESCRIPTION OF THE PREFERRED EMBODI- 



MENTS 

Referring to Fig. 1, the size of a circuit sub- 
strate 1 is considerably exaggerated in the 
perpendicular direction as compared with the 

70 longitudinal direction which is orthogonal 
thereto. The circuit structure 1 comprises a 
ceramic laminated structure 10 having a plural- 
ity of ceramic layers 2, 3, 4, 5, 6 and 7 and 
first and second major surfaces 8 and 9 

7B which are opposite to each other. 

Such a ceramic laminated structure 10 is 
provided with a plurality of electrical connec- 
tion passages 11, 12, 13 and 14 which are 
defined by through' holes formed in specific 

80 ones of the ceramic layers 2 to 6, so that 
conductors 15, 16, 17 and 18 are formed in 
the electrical connection passages 11, 12, 13 
and 14 respectively. A conductor 19 is 
formed along the interface between the cera- ' 

85 mic layers 6 and 7, to be electrically con- 
nected with the conductor 15. Another con- 
ductor 20 is formed along the interface be- 
tween the ceramic layers 3 and 4, to be elec- 
trically connected with the conductor 16.. Clr- 

90 cuit patterns 21 and 22 are formed on the 
first major surface 8 of the ceramic laminated 
structure 10. The circuit pattern 21 is electri- 
cally connected with the conductor 15, and 
the circuit pattern 22 commonly connects the 
95 conductors 17 and 18. 

The ceramic laminated structure 10 is fur- 
ther provided therein with spaces 23, 24 and 
25, which are defined by cavities formed in 
specific ones of the ceramic layers 3 to 6 for 

TOO receiving chip-like passive electronic compo- 
nents, for example. According to this embodi- 
ment, the spaces 23 and 24 receive chipMike 
laminated ceramic capacitors 26 and 27 re- 
spectively, and the space 25 receives a chip- 

105 like resistor 28. The laminated ceramic capaci- 
tor 26 has an external terminal electrode 29 
which is electrically connected with the con- 
ductor 19 and another external terminal elec- 
trode 30 which is electrically connected with 

110 the conductor 16. The laminated ceramic 

capacitor 27 has an external terminal electrode 
31 which is electrically connected with the 
conductor 20 and another external terminal 
electrode 32 which is electrically connected 

115 with the conductor 17. The resistor 28 has an 
external terminal electrode 33 which Is electri- 
cally connected with the conductor 18 and an 
external terminal electrode 34 which is electri- 
cally connected with the conductor 19. 

120 Thus, the circuit substrate as shown in Fig. 
1 forms a circuit as shown in Fig. 2 between 
the circuit patterns 21 and 22. 

An exemplary method of manufacturing the 
circuit substrate 1 as shown in Fig. 1 is now 

125 described mainly with reference to Fig. 3. The 
ceramic layers 2 to 7 are provided by green 
sheets 102, 103, 104, 105, 106 and 107 of 
ceramic material which can be sintered at a 
low temperature In a reducing atmosphere. 

130 The green sheets 102 to 106 are formed in 
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corresponding positions with through holes 35 
to 39, which are aligned with each other to 
provide the aforementioned electrical connec- 
tion passage 11, The green sheet 104 is 
5 formed with a through hole 40 providing the 
aforementioned electrical connection passage 
12. The green sheet 102 is formed with a 
through hole 41 providing the aforementioned 
electrical connection passage 13. The green 
10 sheets 102 and 103 are formed In corre- 
sponding positions with through holes 42 and 
43, which are aligned with each other to pro- 
vide the aforementioned electrical connection 
passage 14. 

15 The green sheets 105 and 106 are formed 
with holes perpendicularly passing through the 
same, to define cavities 44 and 45 which are 
aligned with each other to provide the afore- 
mentioned space 23. The green sheet 103 is 

20 formed with a hole perpendicularly passing 
through the same, to define a cavity 46 which 
provides the aforementioned space 24. The 
green sheets 104, 105 and 106 are formed 
with holes perpendicularly passing through the 

25 same, to define cavities 47, 48 and 49 which 
are aligned with each other to provide the 
aforementioned space 25. 

Then, conductive paste members 50, 51, 
52, 53, 54, 55, 56, 57 and 58, containing 

30 metal mainly composed of copper, are em- 
bedded in respective ones of the through 
holes 35 to 43 formed in the green sheets 
102 to 106. In application of the conductive 
paste member 50, conductive paste is printed 

35 to extend toward one major surface of the 
green sheet 102 in order to simultaneously 
form the aforementioned circuit pattern 21. In 
application of the conductive paste member 
55, conductive paste Is printed to extend to- 

40 ward one major surface of the green sheet 
104 in order to simultaneously form the afore- 
mentioned conductor 20. In application of the 
conductive paste members 56 and 57, con- 
ductive paste is printed to extend toward one 

45 major surface of the green sheet 102 in order 
to simultaneously form the aforementioned cir- 
cuit pattern 22. Further, a conductive paste 
member 59 is printed on one major surface of 
the green sheet 107, In order to provide the 

50 aforementioned conductor 19. 

On the other hand, the laminated ceramic 
capacitors 26 and 27 and the resistor 28 are 
prepared by previously completed ones. These 
elements are inserted in prescribed ones of 

55 the cavities 44 to 49 at least before the re- 
spective ones of the cavities 44 to 49 are 
closed in sequential lamination of the green 
sheets 102 to 107, for example. 
The green sheets 102 to 107 laminated in 

60 the state of arrangement as shown in Fig. 3 
are then pressurized and fired in a reducing 
atmosphere at a relatively low temperature. 
Thus, the circuit substrate 1 as shown In Fig. 
1 is obtained. 

65 In the aforementioned embodiment, the con- 



ductors 15 to 20 serving as electrical connec- 
tion means are formed by metal which is 
mainly composed of copper. The external ter- 
minal electrodes 29 to 34 are formed by 

70 metal which is mainly composed of at least 
one of nickel, copper and palladium. As par- 
tially shown in Fig. 3, an internal electrode 60 
of the laminated ceramic capacitor 26 is 
formed by metal which is mainly coposed of 

75 at least one of nickel, copper and palladium. 
The resistor 28 is prepared by forming a re- 
sistance film 62 of a resistance component on 
a ceramic substrate 61, and the external ter- 
minal electrodes 33 and 34 are connected to 

80 both end portions of the resistance film 62. 
The aforementioned green sheets 102 to 
107 are formed by ceramic material which can 
be sintered at a low temperature in a reducing 
atmosphere, such as that described In f/ec- 

85 Tronic Ceramics by Gakken-sha, Vol. 16 (74), 
March 1985, pp. 18-19. This substance em- 
ploys ceramic powder of AI2O3, CaO, SiOg, 
MgO, B2O3 and small additives as starting ma- 
terial. Such ceramic powder Is mixed with a 

90 binder to form sheets of 200 ^m In thickness, 
for example, by the doctor blade method, 
thereby to obtain the green sheets 102 to 
107. Characteristics for serving as dielectrics 
can be obtained In the green sheets 102 to 

95 107 thus prepared, even If the same are fired 
in a reducing atmosphere such as a nitrogen 
atmosphere. Further, the green sheets 102 to 
107 can be sintered at a relatively low tem- 
perature of about 900 to 1000°C. 
100 Dielectrics included in the laminated ceramic 
capacitors 26 and 27 are formed by non-re- 
ducing ceramic material. The following compo- 
sitions are illustrated as such non-reducing di- 
electric ceramic compositions; 
105 (1) Non-reducing dielectric ceramic compo- 
sitions In barium titanate dielectric ceramic 
compositions shown by the following compo- 
sition formula: 

110 {(Ba,_,CaJ0L-(Ti,_,Zr,)02, 

wherein m, x and y are limited in the follow- 
ing ranges; 

115 1.005^n^1.03, 

0,02^x^0.22, and 
0<y^0.20. 

(2) Non-reducing dielectric ceramic compo- 
120 sitlons In barium titanate dielectric ceramic 

compositions shown by the following compo- 
sition formula: 



125 



|(Ba,_,.,Ca,Sr,)0L-TI02, 

wherein m, x and y are In the following 
ranges, respectively; 



1.005^m^1.03, 
130 0.02^x^0.22, and 
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0.05^ym35. 

(3) Non-reducing dielectric ceramic compo- 
sitions in barium titanate dielectric ceramic 

5 compositions shown by the following compo- 
sition formula: 

{(Ba,_,_,Ca,Sr,)0L-(Ti,_,ZrJ02, 

10 wherein x, y and z are In the following 
ranges, respectively; 

1.005Sm^1.03, 

0.02^x^0.22, 

0.05^y^0.35, and 
15 0.00<zg0.20. 

(4) Non-reducing dielectric ceramic compo- 
sitions comprising CaZrOg and MnOj and hav- 
ing the following general formula: 

20 

Ca^ZrOa+yMnOar 

wherein x of Ca^ZrOg ranges as follows and 
MnOs (=y) takes the following proportion by 
25 weight when the weight of Ca^ZrOg is taken 
as 1.00. 

0.85^x^1.30 

0.05 ^y ^0.08 (proportion of weight) 

30 

(5) Non-reducing dielectric ceramic compo- 
sitions comprising (BaCa)Zr03 and MnOz and 
having the following general formula: 

35 (Ba,Cai_JyZr03 + 2Mn02. 

wherein x and y of (Ba,Ca,_JyZr03 are in the 
following rages and MnOa (=x) takes the fol- 
lowing proportion by weight when the weight 
40 of (Ba,Ca,_JyZr03 is taken as 1.00. 

0<x^0.20 
0.85^y^1.30 

0.005^7^0.08 (proportion by weight) 

45 

U.S. Patent No. 4, 451, 869 discloses the 
aforementioned non-reducing ceramic material, 
as well as a method of obtaining a laminated 
ceramic capacitor by employing such non-re- 

50 ducing ceramic material. The laminated cera- 
mic capacitors 26 and 27 are thus formed 
with dielectrics of non-reducing ceramic ma- 
terial, so that the capacitors 26 and 27 are 
not deteriorated in characteristic even if the 

55 same are placed in a reducing atmosphere in 
the stage of firing the green sheets 102 to 
107. 

The resistance film 62 of the resistor 28 is 
formed by a non-reducing resistance compo- 

60 nent. Such a non-reducing resistance compo- 
nent can be advantageously prepared by that 
disclosed in German Patent No. 2158781 or 
GB Patent No. 1380721, for example. Either 
patent discloses a non-reducing resistance 

65 component of resistance material such as bo- 



ron lanthanum or boron yttrium and non-re- 
ducing glass. Such a non-reducing resistance 
component is applied on the ceramic substrate 
61 and then fired in a reducing atmosphere, 
70 thereby to obtain the desired resistor 28. No 
characteristic deterioration is cau^^d by em- 
ploying such a resistor 28, even if the same is 
subjected to a reducing atmosphere in the 
stage of firing the green sheets 102 to 107. 
75 Although the external terminal electrodes 29 
to 34 are formed by metal mainly composed 
of at least one of nickel, copper and palladium 
and the conductors 15 to 20, serving as elec- 
trical connection means, are formed by metal 
80 mainly composed of copper in the aforemen- 
tioned embodiment, other metal such as plati- 
num, silver, nickel, palladium etc. may be 
added in a range not damaging the character- 
istic of nickel, copper or palladium. This also 
85 applies to the internal electrode 60. 

The external terminal electrodes 29 to 34 
are formed by applying paste containing pre- 
scribed metal to the bodies of the chip-like 
electronic components 26 to 28 and firing the 
90 same. The firing step for obtaining the exter- 
nal terminal electrodes 29 to 34 may be si- 
multaneously performed with the step of firing 
the green sheets 102 to 107. In other words, 
the external terminal electrodes 29 to 34 pro- 
95 vided on the laminated ceramic capactitors 26 
and 27 and the resistor 28 may be still in 
presintered states when the elements are in- 
serted in the cavities 44 to 49 In the step of 
laminating the green sheets 102 to 107. 
100 It is to be noted that the circuit substrate 1 
as shown in Fig. 1 is a mere example for 
simply illustrating the present invention. There- 
fore, the type, the number and the mode of 
connection of chip-like electronic components 
105 employed in the inventive circuit substrate are 
arbitrarily changed in response to the circuit to 
be desired. Although the cavities for receiving 
the chip-like electronic components are de- 
fined by the through holes provided in the 
1 10 ceramic layers forming the laminated ceramic 
structure in the aforementioned embodiment, 
such cavities may be defined by recesses not 
passing through the ceramic layers. 

115 CLAIMS 

1. A circuit substrate comprising: 
a ceramic laminated structure (10) provided 
with a plurality of ceramic layers (2-7) includ- 
ing a first ceramic layer (3-6) having a cavity 
120 (44-49), and having first and second major 
surfaces (8, 9) being opposite to each other; 

a chip-like electronic component (26-28) 
having external terminal electrodes (29-34) 
and being received in said cavity (44-49); and 
125 electrical connection means (15-20) being 
connected to said external terminal electrodes 
and having a portion extending In the interior 
of said ceramic laminated structure, 
said external terminal electrodes being 
1 30 formed by metal mainly composed of at least 
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one of nickel, copper and palladium, 

said electrical connection means being 
formed by metal mainly composed of copper. 

2. A circuit substrate in accordance with 
5 claim 1, wherein 

said chip-like electronic component (26) has 
an internal electrode (60) which is formed by 
metal mainly composed of at least one of 
nickel copper and palladium. 
10 3. A circuit substrate in accordance with 
claim 1, wherein 

said ceramic laminated structure has a sec- 
ond ceramic layer (2) having a first through 
hole (35, 41, 42). 
15 4. A circuit substrate in accordance with 
claim 1, wherein 

said ceramic laminated structure has a third 
ceramic layer (7) having no cavity. 

5. A circuit substrate in accordance with 
20 claim 1, wherein 

said first ceramic layer is located in an inter- 
mediate position in a laminated state of said 
plurality of ceramic layers included in said 
ceramic laminated structure. 
25 6. A circuit substrate in accordance with 
claim 1, wherein 

said cavity includes a hole perpendicularly 
passing through said first ceramic layer. 

7. A circuit substrate in accordance with 
30 claim 1 , wherein 

said electrical connection means includes a 
conductive material member (19, 20) extend- 
ing along the interface between an adjacent 
pair of ceramic layers selected from said plu- 
35 rality of ceramic layers. 

8. A circuit substrate in accordance with 
claim 3, wherein 

said electrical connection means includes a 
conductive material member (50, 56, 57) 
40 formed in said first through hole. 

9. A circuit substrate in accordance with 
claim 1, wherein 

said first ceramic layer has a second 
through hole (36-40, 43) and said electrical 
45 connection means includes a conductive ma- 
terial member (51-55, 58) formed in said sec- 
ond through hole. 

10. A circuit substrate in accordance with 
claim 1, wherein 

50 said electrical connection means includes a 
conductive film (21, 22) extending on said 
first major surface (8) of said ceramic lami- 
nated structure. 

11. A circuit substrate in accordance with 
55 claim 1, wherein 

said plurality of ceramic layers included in 
said ceramic laminated structure are prepared 
by ceramic material which can be sintered at a 
low temperature in a reducing atmosphere. 

60 12. A circuit substrate in accordance with 
claim 1 1 , wherein 

said chip-like electronic component includes 
a capacitor (26, 27) having dielectric of non- 
reducing ceramic. 

65 13. A circuit substrate in accordance with 



claim 1 1, wherein 

said chip-like electronic component includes 
a resistor (28) having a film (62) of a non- 
reducing component formed on a ceramic sub- 

70 strata (61). 

14. A circuit substrate in accordance with 
claim 2, wherein 

said chip-like electronic component includes 
a laminated ceramic capacitr (26, 27). 

75 15. A circuit substrate in accordance with 
claim 1, wherein 

said first ceramic layer (3-6) has a first 
through hole (36-40, 43) and said ceramic 
laminated structure has a second ceramic layer 

80 (2) having a second through hole (35, 41, 42) 
and a third ceramic layer (7) having no cavity, 
while said electrical connection means Includes 
a first conductive materia! member (19, 20) 
extending along the interface between an adja- 

85 cent pair of ceramic layers selected from said 
plurality of ceramic layers (2-7) and a second 
conductive material member (15-18) formed 
in said first and second through holes. 

16. An electronic circuit component com- 
90 prising a ceramic body incorporating one or 

more electronic components received within 
accommodating recesses of the body and 
conductor portions connected thereto, the said 
one or more electronic components being pre- 
95 formed and being incorporated into the cera- 
mic body at an intermediate stage in the man- 
ufacture thereof. 

17. A method of manufacturing an elec- 
tronic circuit component as claimed in claim 

100 16 which comprises forming the ceramic body 
as a plurality of green-state layers defining in 
superposition the one or more recesses for 
accommodating said one or more electronic 
components and conductor channel portions, 

105 incorporating said one or more electronic com- 
ponents together with conductor defining por- 
tions into the respective defined accommodat- 
ing regions of the superposed green-state 
ceramic layers, and curing said ceramic ma- 

1 10 terial layers under conditions such as to con- 
solidate the same. 

18. A ceramic electronic circuit component, 
or method of manufacturing the same, sub- 
stantially as herein described with reference to 

115 the accompanying drawings. 
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